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Abstract
Background: The objective of the study is to examine the reliability of erosion and joint space
narrowing scores derived from hand x-rays posted on the Internet compared to scores derived
from original plain x-rays.
Methods: Left and right x-rays of the hands of 36 patients were first digitized and then posted in
standard fashion to a secure Internet website. Both the plain and Internet x-rays were scored for
erosions and joint space narrowing using the Sharp/Genant method. All scoring was completed in
a blind and randomized manner. Agreement between plain and Internet x-ray scores was calculated
using Lin's concordance correlations and Bland-Altman graphical representation.
Results: Erosion scores for plain x-rays showed almost perfect concordance with x-rays read on
the Internet (concordance 0.887). However, joint space narrowing scores were only "fair"
(concordance 0.365). Global scores demonstrated substantial concordance between plain and
Internet readings (concordance 0.769). Hand x-rays with less disease involvement showed a
tendency to be scored higher on the Internet versions than those with greater disease involvement.
This was primarily evident in the joint space narrowing scores.
Conclusions: The Internet represents a valid medium for displaying and scoring hand x-rays of
patients with RA. Higher scores from the Internet version may be related to better viewing
conditions on the computer screen relative to the plain x-ray viewing, which did not include
magnifying lens or bright light. The capability to view high quality x-rays on the Internet has the
potential to facilitate information sharing, education, and encourage collaborative studies.
Background
The use of radiographic images as a means of assessing the
progression of rheumatoid arthritis (RA) in individual pa-
tients and clinical studies has been standard practice for
several decades. Underlying this practice is the belief that
radiographic changes are the consequence of inflammato-
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ry changes intrinsic to RA [1]. Recent discoveries in molec-
ular biology indicate that two cytokines (TNF-alpha, IL-1)
are responsible for enhancing cartilage and bone break-
down through their effects on chondrocytes and osteo-
clasts [2,3]. Patient treatment decisions and clinical trials
will focus extensively on the radiographic progression of
the disease as a primary outcome measure [4,5].
The permanent nature of radiographs facilitates simulta-
neous comparison of images taken over an elapsed time
period. Also, multiple readers can interpret the same set of
images, allowing for a greater degree of reliability [1]. The
objectivity of scoring can be heightened through masking
names and dates on films, and by randomizing the se-
quence in which films are viewed [1]. The advancement in
x-ray technology, coupled with a greater emphasis on the
use of standardized patient positioning and radiographic
techniques, has further enhanced the reproducibility of
scoring [6].
The Internet has revolutionized the computer and com-
munications world in an unprecedented manner. At once
it possesses global broadcasting capabilities, acts as a
mechanism for information dissemination and is a medi-
um for collaboration and interaction between individuals
without regard for geographic location [7]. New ap-
proaches wedding technological advancements in digitiz-
ing methods and Internet communication will likely
permit clinicians to participate in outcome studies involv-
ing radiological progression, particularly if digital radio-
graphs posted on the Internet can be shown to be reliable
representations of plain film x-rays.
The aim of this article is to report the reliability of Internet
hand x-rays for scoring erosions and joint space narrow-
ing in patients with Rheumatoid Arthritis.
Methods
Radiograph Selection
Plain x-ray films of the hands of 36 RA patients were se-
lected as a representative sub-set of a group of 235 pa-
tients who had taken part in a clinical study involving an
examination of hand function. Sample characteristics are
summarized in Table 1.
Scanning and posting of radiographs on the internet web 
site
The 36 plain film x-rays were scanned using a Scanmaster
DX with a digitizing area from 1/2" ×  1/2" to 14" ×  17" and
a maximum film size of 15" ×  18". The resolution was 1K,
2K, 4K, and 8K on standard film sizes, and up to 9 lp/mm
for custom resolution. The grayscale resolution was 12-
bits (4096 gray levels), and the detector for the scanner
was a high definition CCD. The interface was SCSI-2.
After scanning, the digitized x-rays were converted to a
grayscale mode that discarded color information. This file
format permitted rotation and cropping of the image, and
enabled necessary alterations in contrast and brightness.
The file was then saved in TIFF format (i.e., large files, 12
bits, grayscale). The digitized images were post-processed
using Adobe Photoshop, and were subsequently convert-
ed to JPEG format (i.e., small files, 8 bits, RGB). The im-
ages were ultimately posted to a secure Internet web site in
JPEG format (see Figure 1).
Scoring of erosions and joint space narrowing
Erosion scores (ERO) were recorded based on the Sharp
[8][4,9]scoring method with Genant [6] modification.
This method of scoring (see Figure 2 and Figure 3) uses an
8-point scale with 0.5 increments (each increment denot-
ed by a "+" sign). The descriptors for the numerical values
on the scale were as follows: 0 = normal, 0+ = questiona-
ble or subtle change, 1 = mild, 1+ = mild, worse, 2 = mod-
erate, 2+ = moderate, worse, 3 = severe, and 3+ = severe
worse. Fourteen sites (4 quadrants per site) were selected
for scoring on each hand. These sites were the inter-
phalangeal (IP) joint of digit I, the proximal interphalan-
geal (PIP) joint of digits II-V, the metacarpophalangeal
(MCP) joint of digits I-V, the carpometacarpal (CMC)
joint of digit I, the scaphoid, the distal radius, and the dis-
tant ulna (see Figure 2 and Figure 3). The four scores, one
for each quadrant, were summed to produce a total score
for each joint. The ERO scores were then transformed
mathematically to produce a Genant score, based on a 4-
point scale. The transformed data corresponded to one of
the following designations: 0 = normal, 1 = one well-de-
fined erosion, 2 = two or three well-defined erosions, and
3 = two or more well-defined erosions plus an erosion
score of at least 0.5 on any combination of two of the four
quadrants (i.e. 1&2, 3&4, 1&3, 2&4). The possible range
of scores for ERO in the combination of both hands using
Table 1: Basic characteristics of the patient sample.
Number of Patients (%)
Female 33 (91)
Male 3 (9)
Rheumatoid Factor, positive 28 (78)
RA Diagnosis 36 (100)
Mean (range)
Age, years 54 (30–84)
Time from onset of symptoms, years 13 (1.5–58)
Time from diagnosis, years 12 (1.1–58)
Education Level, grade 12 (9–17)BMC Musculoskeletal Disorders 2002, 3 http://www.biomedcentral.com/1471-2474/3/13
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the Genant score was 0–84. The erosion score was then
normalized to a scale ranging from 0–100 in accordance
with the Sharp-Genant procedures [6].
Joint space narrowing (JSN) scores were based upon the
Sharp [8][4,9] with Genant [6] modification method. In
this case a 9-point scale with 0.5 increments was used (see
Figure 2 and Figure 4). The corresponding qualitative des-
ignations for this scale were: 0 = normal, 0+ = questiona-
ble or subtle change, 1 = mild (focal), 1+ = mild, worse, 2
= moderate (loss of less than 50% of joint space), 2+ =
moderate, worse, 3 = severe (loss of more than 50% of the
joint space), 3+ = severe worse, and 4 = ankylosis or dislo-
cation. Thirteen sites (only 1 score per site) were selected
for recording JSN scores: the interphalangeal (IP) joint of
digit I, the proximal interphalangeal (PIP) joint of digits
II-V, the metacarpophalangeal (MCP) joint of digits I-V,
the combination of the carpometacarpal joints of digits
III-V, the combination of the capitate-scaphoid-lunate,
and the radiocarpal joint (see Figure 4). In contrast to the
erosion data, the scores for JSN were not transformed
from the Sharp with Genant modification to the Genant
scoring system as the quadrant system described above
was used only for ERO, while a single score per site was re-
corded for JSN. The range of possible scores for JSN in
both hands was 0–104. This score was then normalized to
a scale ranging from 0–100, providing a weighting equal
to ERO score [6].
After summing the ERO and JSN scores for both hands, a
composite score was created by adding the adjusted ERO
and JSN scores together. The minimum value that could
be obtained was 0, while the maximum value was 200
(i.e. 100+100).
Statistical methods
The statistical analyses were completed using descriptive
statistics (SPSS 10.0) and Lin concordance functions [10]
(STATA Rel. 7.0). The Lin co-efficient unites measures of
accuracy (i.e. nearness of the data's reduced major axis to
the line of perfect concordance) and precision (i.e. tight-
ness of the data about its reduced major axis) to determine
whether observed data significantly diverge from the line
of perfect concordance, which occurs at 45 degrees. The
value of Lin's co-efficient increases in relation to the accu-
racy and precision of the observed data. The Bland-Alt-
man limits of agreement procedure uses data-scale
assessment in analyzing both the accuracy (i.e. bias) and
the amount of variation or precision between any two
measured values when the range of data is sufficiently lim-
ited. This graphical representation approach is compli-
mentary to the relationship-scale approach of Lin.
Results
General X-ray and clinical results
Standard reading of the plain x-rays showed that these
films represented a wide range of radiological progres-
sion. Erosions ranged from 0 to 93 with average 45.5(SD
29.7). Joint space narrowing ranged from 30 to 92, with
average 65.0 (SD 17.0). Global scores ranged from 30 to
183.5, with average 110.5(SD 43.6). This was consistent
with the clinical characteristics of the patient population
who had average duration from onset of symptoms of 13
years (range 1.5 to 58 years), and who were seropositive
in 78% of cases. Eleven patients reported little or no disa-
bility, 13 required aids to daily living, and 12 were severe-
ly limited in their functional capacity, but were still
ambulatory.
Repeated assessment of plain X-rays
To assess intra-rater reliability, the reader, in blinded and
randomized fashion, re-scored a randomly selected set of
films. Fifteen of 36 plain film x-rays were reassessed using
a standard light box, without the aid of a magnifying lens
or bright light. The Bland-Altman graphic demonstrated a
slight divergence from perfect concordance (accuracy)
Figure 1
Steps involved in the conversion of plain film x-rays to digital
x-rays posted on a secure Internet web site.
Figure 2
Sharp with Genant modification scoring protocol for ero-
sions and joint space narrowing.BMC Musculoskeletal Disorders 2002, 3 http://www.biomedcentral.com/1471-2474/3/13
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and high precision (i.e. tightness of the data about the ma-
jor axis represented in the Lin concordance model as "r" =
0.916). The divergence from perfect agreement can be
summarized numerically by the average difference pre-
test to post-test. This was -13.6 (95% CI -4.4, -22.8), indi-
cating that the second reading had higher scores on aver-
age for the global measure, with the preponderance of
differences occurring on films with higher global scores.
Intra-method reliability; plain and internet X-rays
The tightness of the data to the reduced major axis for the
global plain and Internet x-rays was 0.879 and accuracy
was represented by an r = 0.874, to produce a concordance
of 0.769. This is considered "substantial" concordance.
This global score was a composite of both erosions and
joint space narrowing. Erosion scores were very accurate,
with almost complete overlay of the reduced major axis
on the line of concordance (bias factor = 0.997; see Figure
5). However, joint space narrowing diverged considerably
from the line of concordance (bias factor = 0.495; see Fig-
ure 6). These findings are reflected in the erosion concord-
ance score, rho_c = 0.887 (see Figure 5) and the joint
space narrowing concordance score, rho_c = 0.365 (see
Figure 6).
The Bland Altman graphic (see Figure 7) demonstrates
that the Global Scores were higher on average for the In-
ternet scoring approach. Differences ranged from -20 to
+60 with an average of 19.0 (95% CI 12.4 to 25.4). The
greatest contribution to this variance came from the joint
space narrowing readings (see Figure 8), as opposed to the
erosion scores (see Figure 9). The joint space narrowing
range was -1.0 to 43.0, with average 15.0 (95% CI 11.0 to
19.0).
Discussion
This study examines the reliability of deriving ERO and
JSN scores from rheumatoid hand x-rays posted on a se-
cure Internet web site. Although several previous studies
have investigated the efficacy of digital x-rays to interpret
the musculoskeletal system [11–13] and others compare
digital and plain film x-rays for assessing rheumatoid ar-
thritis [6,14], there has been limited investigation into the
reliability of assessing Internet x-ray images of rheuma-
toid patients.
The anatomic locations selected for scoring the plain and
Internet x-rays using the Sharp with Genant modification
method were identical to those sites used by Genant et al
[6]. The selection of these sites was based on the relative
ease of reading and the general frequency of involvement
in ERO and JSN in the hand and wrist [6]. The PIP, MCP,
and carpal sites selected by Sharp represent the most ac-
tive areas of hand involvement related to synovial inflam-
mation of rheumatoid arthritis [15].
The literature suggests that the correlation co-efficient
alone cannot be used to determine an agreement between
two quantitative variables [16–18]. Pearson's correlation
co-efficient has the capacity to measure the strength of as-
sociation between two variables, but it does not provide
information about the concordance of two variables
[17,19–22]. Having acknowledged the inherent limita-
tions of Pearson's co-efficient, it must be stressed that an
expectation for two independent readers, or the same
Figure 3
Erosion scoring sites for Sharp score with the Genant modifi-
cation.
Figure 4
Joint space narrowing sites for Sharp score with the Genant
modification.BMC Musculoskeletal Disorders 2002, 3 http://www.biomedcentral.com/1471-2474/3/13
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reader on multiple trials, to replicate the same ERO and
JSN scores on a joint by joint basis is too rigorous [19]. In-
deed, the literature supports the notion that it is not nec-
essary for the same absolute radiologic scores to be
recorded when application of the scoring-system is carried
out by different readers [1], or when the scoring-system is
applied multiple times by the same reader [23]. Rather, it
is the association of readings on a global (composite) lev-
el that is important for determining agreement with re-
spect to overall disease severity. Concordance [10] as
described by Lin, et al is a more appropriate method of ex-
amining both the precision and accuracy of intra-rater and
inter-method reliability.
When the total ERO scores were compared as an indica-
tion of agreement of disease severity, the concordance was
highly significant (0.887). However, interpretation of the
Bland Altman graphic (see Figure 7) suggests a trend for
patients with low to moderate levels of disease involve-
ment to have Internet x-rays scored higher than corre-
sponding plain x-rays. It has been noted (personal
communication with Dr. J. Sharp) that there is a tendency
Figure 5
Lin's concordance for Internet and plain x-ray erosion
scores.
Figure 6
Lin's concordance for Internet and plain x-ray joint space
narrowing scores.
Figure 7
Bland-Altman data-scale assessment of the degree of agree-
ment between plain and Internet global scores.
Figure 8
Bland-Altman data-scale assessment of the degree of agree-
ment between plain and Internet joint space narrowing
scores.BMC Musculoskeletal Disorders 2002, 3 http://www.biomedcentral.com/1471-2474/3/13
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to give higher scores for individuals with low levels of dis-
ease involvement, perhaps related to "over-reading" of x-
rays with early disease progression. However, this phe-
nomenon would occur in both plain and Internet read-
ings. The Internet version may provide the reader with a
basis for giving slightly higher scores at the low end of the
scoring scale. For example, a joint that received a Sharp
with Genant Modification JSN score of 0 (i.e., normal)
when viewed on a plain film x-ray, without the use of a
magnifying lens or bright light, could quite easily receive
a score of 1 (i.e., mild change) when viewed on the Inter-
net x-ray, which may provide clearer contrast on a moni-
tor with super VGA capacity. This phenomenon may also
be accentuated by a "ceiling effect" [24,25]. Given the
greater deterioration that characterizes higher ERO and
JSN scores, the fine details detectable on Internet images
are not likely to push the score higher than it would have
otherwise been. Nevertheless, statistical anomalies must
be considered as well; the sample size may have been too
small to accurately reflect the true reliability, such that
chance variation could also be an appropriate interpreta-
tion.
The potential for alteration of the image during image
conversion and compression is a concern associated with
posting radiograph images to a web site. In particular, the
JPEG lossy compression algorithm consists of an image
simplification stage that removes image complexity with
some loss of fidelity, followed by a compression step, but
in the case of images it is generally not critical to restore
all of the data upon decompression [26]. Recent techno-
logical advances in the area of image compression have
led to the development of wavelet compression. With this
technology an algorithm is used that converts the image to
a mathematical expression and subsequently allows anal-
ysis of the image as a whole [27]. Thus, an optimum com-
pression ratio can be reached without comprising image
quality. However, this technique was not used in the
study. Nor were the JPEG formats compared to TIFF for-
mats. These two points may be worthwhile areas of future
research for the technical advancement of radiographic in-
terpretation on the Internet.
Patient security and confidentiality represent another set
of concerns connected with the posting and transmission
of x-rays via the Internet [28,29]. Depending on the risks
associated with the system and the resources required for
minimizing the potential risks an appropriate balance
needs to be sought between privacy and connectivity
[30,31]. Internet technology can help to ensure security
and confidentiality when transmitting patient identifiers
through the use of strong encryption methods, such as is
now used for credit card purchases on the Internet
[31,32]. Security also could be guaranteed through public-
key algorithms known only to appropriate individuals
[32].
Conclusions
The present study suggests that the Internet represents a
valid medium for displaying and scoring hand x-rays of
patients with RA. This finding was based on the use of
standard JPEG radiograph images. The development of
wavelet compression technology, where none of the im-
age information is discarded during the compression
process [26], will further enhance the quality of x-ray im-
ages available for posting on the Internet.
As an increasing number of clinical trials emphasize the
radiographic progression of the disease as a primary out-
come measure [5,33–35], the capacity to employ a relia-
ble method of scoring radiographs is placed at a premium.
X-rays posted on the Internet have the potential to en-
hance reliability of scoring protocols used in clinical trials
through heightened standardization and through the fa-
cilitation of information sharing and education. The ease
of transmission of images and information over the Inter-
net essentially renders geographic obstacles irrelevant,
thereby fostering collaboration. Web sites can be set up
with an atlas of x-ray images permitting clinicians around
the globe to hone their scoring abilities in a tutorial like
fashion. Similarly, the capacity to clearly display and dis-
seminate standard scoring protocol via the Internet has
the potential to enhance the consistency of x-ray scoring
on a broad scale. Such advantages and opportunities are
not available with the use of traditional plain film x-rays.
We conclude that coupling Internet technology with
standard approaches to radiographic analysis is a neces-
Figure 9
Bland-Altman data-scale assessment of the degree of agree-
ment between plain and Internet erosion scores.BMC Musculoskeletal Disorders 2002, 3 http://www.biomedcentral.com/1471-2474/3/13
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sary step toward the realization of a new spectrum of po-
tential benefits.
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